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A B S T R A C T

The first of its kind, this study determined whether blast exposure interacts with genetic variant 5HTTLPR to
predict posttraumatic stress (PTS) symptoms in 78 military explosives operators. In all models, blast-exposed
5HTTLPR S carriers registered definitively higher PTS symptoms in comparison to non-exposed S carriers, as
well as exposed and non-exposed LL carriers (all p< 0.01). All findings were robust to confounding influences of
age and traumatic brain injury diagnosis. Not only is blast exposure prevalent in EOD personnel, but it also
interacts with genetic predisposition to predict trauma symptoms in this unique, at-risk military population.

1. Introduction

Posttraumatic stress disorder (PTSD) is a leading military health
concern (Walter et al., 2018; Armenta et al., 2018; Xue et al., 2015).
One critical risk factor is blast exposure, which is widely recognized as
the “signature injury” of the military conflicts in Iraq and Afghanistan
(DePalma and Hoffman, 2018). The entanglement of blast exposure and
posttraumatic stress (PTS) symptoms is exceedingly complex
(Tschiffely et al., 2015), constituting one of the foremost “wicked
problems” (Churchman, 1967) facing the military community in the
21st century.

While some individuals clinically improve after blast exposure,
others do not (Cole and Bailie, 2016). With this in mind, genetic pre-
disposition is a plausible moderator of the link between blast exposure
and PTS (Elder et al., 2012), but this topic persists as a profound
knowledge gap. A plausible genetic variant – 5HTTLPR – combines
reliably with stressful life events to amplify PTS (Zhao et al., 2017),
depression, and suicidality (Caspi et al., 2010). However, published
reports linking 5HTTLPR to behavioral health outcomes in military
members are few (Wald et al., 2013) and it remains unclear whether
blast exposure and 5HTTLPR combine to predict PTS. In this study, we
sought to determine if blast exposure interacts with 5HTTLPR to predict
PTS in U.S. Navy EOD personnel.

2. Methods

As part of the EOD Operational Health Surveillance System, 78
military men from EOD Group ONE (San Diego, CA, USA) were studied
(M ± SEage = 34.1 ± 0.7 years). This investigation was carried out
in accordance with the latest version of the Declaration of Helsinki. The
study design was reviewed by an appropriate ethical committee, the
Naval Health Research Center Institutional Review Board, and ap-
proved under the research protocol NHRC.2015.0013. Informed con-
sent of the participants was obtained after the nature of all study pro-
cedures had been fully explained.

2.1. Blast exposure

Blast exposure was estimated with two separate self-report items,
inspired by two events identified within the Deputy Secretary of
Defense (2010) Directive-Type Memorandum 09–033, as requiring
mandatory command evaluations and reporting of exposure. Partici-
pants first indicated whether they had been within 50m of a blast
within their military career (yes/no). Next, they reported whether they
had been involved in a vehicle crash or blast during their military ca-
reer (yes/no). Preliminary face, convergent, and divergent validity has
been established for both items in our unpublished studies.
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2.2. Determination of genotypes

We evaluated 5HTTLPR following our previously-described protocol
(Taylor et al., 2017).

2.3. PTS symptoms

The PTSD Checklist for DSM-5 (PCL-5) was used to assess PTS
symptoms (Weathers et al., 2013). Cronbach's alpha coefficient for this
scale in the present study was 0.93.

2.4. Data reduction and analysis

Data were analyzed using IBM SPSS Statistics, version 23.0
(Armonk, NY, USA). Descriptive analyses were conducted to summarize
subject characteristics. Distribution characteristics for continuous
variables (e.g., PTS symptoms) were examined following standard cri-
teria (Leech et al., 2005; Taylor et al., 2016). Variables exceeding
normality limits were transformed prior to performing the relevant
statistical test. All data transformations reduced skewness and kurtosis
to acceptable levels. Untransformed means are reported for ease of
interpretation. Tests for departure from Hardy–Weinberg equilibrium
were performed via χ2 test for goodness of fit (Lewis and Knight, 2012).
Genotypes were decomposed into alleles according to a “dominant S”
model (i.e., SL+SS vs. LL) (Lewis and Knight, 2012). Unique associa-
tions of blast exposure and genetic predisposition (respectively) with
PTS symptoms were first explored with ANOVA. Participants were then
categorized into four groups based on presence versus absence of the S
allele and blast exposure (i.e., S/blast; S/no blast; LL/blast; LL/no
blast). This was performed iteratively for each of the two blast exposure
items and for each of the two 5HTTLPR versions. Thus, four combined
models were tested. Overall models were evaluated with one-way
ANOVA and Bonferroni-corrected post-hoc group comparisons
(α = 0.05/3=0.017). Effect sizes were estimated via partial eta
squared (η²p; Richardson, 2011), and observed power (1−β) was
computed. Potential interaction effects were appraised by post-hoc
group comparisons, as well as interpretation of group/marginal means.
Theoretically relevant variables (i.e., age and TBI diagnosis) were
evaluated as potential covariates following predefined criteria
(MacKinnon et al., 2000; Taylor et al., 2017). All hypothesis tests were
two-sided, and the probability of committing a type I error was set at
0.05.

3. Results

Nearly two-thirds of participants reported being within 50m of a
blast, and one-third of participants reported involvement in a vehicle
crash or blast during their military career. Most participants (82%)
endorsed PTS symptoms, yet very few met criteria for probable PTSD
(PCL-5 score ≥ 38; n=3 [3.8%]). This sample did not depart from
Hardy–Weinberg equilibrium with respect to the biallelic (χ²(2,
N=76) = 0.72, p = 0.70) or triallelic version (χ²(2, N=75) = 0.33,
p = 0.85).

3.1. Blast exposure and PTS symptoms: unique associations

EOD operators reporting being within 50m of a blast during their
military career (n=50) endorsed greater PTS symptoms (10.7 ± 1.6)
compared with those who did not (n=26, 2.9 ± 1.0) (F(1,75) = 12.7,
p = 0.001, ηp² = 0.15, 1−β = 0.94, R2

adj = 13.5). Similarly, those
reporting involvement in a vehicle crash or blast (n=24) acknowl-
edged greater PTS symptoms (16.1 ± 2.7) compared with those who
did not (n=51, 4.4 ± 0.83) (F(1,74) = 17.3, p < 0.001, ηp² = 0.19,
1−β = 0.98, R2

adj = 0.18). All models were robust to confounding
influences of age and TBI diagnosis.

3.2. 5HTTLPR and PTS symptoms: unique associations

S carriers of 5HTTLPR (biallelic version; n=47) registered greater
PTS symptoms (9.9 ± 1.6) than homozygous L carriers (n=29,
5.0 ± 1.7) (F(1,75) = 9.8, p < 0.01, ηp² = 0.12, 1−β = 0.87,
R2
adj = 10.5). Substituting the triallelic version of 5HTTLPR in this

model produced a nearly identical result (p < 0.05). All models were
robust to the confounding influence of TBI diagnosis.

3.3. Combined associations of blast exposure and 5HTTLPR with PTS
symptoms

S carriers of 5HTTLPR (biallelic version) who were within 50m of a
blast (S/blast, n=31) registered decisively higher PTS scores
(13.1 ± 2.0) than S/no blast (n=16, 3.6 ± 1.6), LL/blast (n=19,
6.7 ± 2.4), and LL/no blast (n=10, 1.8 ± 1.0) (overall model: (F
(3,75) = 9.4, p < 0.001, ηp² = 0.28, 1−β = 0.99, R2

adj = 0.25; Fig. 1).
Bonferroni-adjusted post-hoc comparisons confirmed that S/blast dif-
fered from all other groups (all p < 0.017). Substituting the triallelic
version of 5HTTLPR in this model produced a nearly identical result
(p< 0.05). S carriers of 5HTTLPR (biallelic version) who were involved
in a vehicle crash or blast (S/blast, n=14) registered decisively higher
PTS scores (20.5 ± 3.1) than S/no blast (n=33, 5.4 ± 1.2), LL/blast
(n=10, 10.0 ± 4.3), and LL/no blast (n=18, 2.4 ± 0.9) (overall
model: (F(3,74) = 12.7, p < 0.001, ηp² = 0.35, 1−β = 1.00,
R2
adj = 0.32). Bonferroni-adjusted post-hoc comparisons confirmed that

S/blast differed from every other group (all p< 0.017). Substituting the
triallelic version of 5HTTLPR in this model produced a nearly identical
result (p < 0.001). All models were robust to the confounding influ-
ences of age and TBI diagnosis.

4. Discussion

The first of its kind, this study demonstrates that blast exposure
interacts with 5HTTLPR to predict PTS symptoms in military explosives
personnel. Combined models accounted for 25–33% of variance in PTS
symptoms.

As hypothesized, blast exposure interacted with 5HTTLPR to predict
PTS symptoms. This may offer insight into why some individuals
clinically improve after blast exposure, while others do not. Further, the
decomposed models, group/marginal means, and plotted PTS symp-
toms of each group triangulate to imply that the interaction of blast
exposure and 5HTTLPR is multiplicative. To illustrate, the group and
marginal means from the 50m blast-biallelic 5HTTLPR model showed
that (1) mean PTS scores of blast-exposed individuals are approxi-
mately 3.5 times that of their non-exposed counterparts, (2) PTS scores
of S carriers are roughly twice that of LL carriers, and, ultimately, (3)
mean PTS symptoms of blast-exposed S carriers are roughly 7 (3.5× 2)

Fig. 1. Blast exposure (50m) interacts with 5HTTLPR (biallelic) to predict PTS
symptoms in EOD operators.
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times that of unexposed LL carriers. These findings assimilate with an
accruing literature showing that 5HTTLPR modulates the impact of
diverse stressful life events on behavioral health and resilience
(Zhao et al., 2017, Way and Taylor, 2010).

The relationships between blast exposure, 5HTTLPR, and PTS
symptoms persisted after controlling for TBI. In practical terms, this
implies that blast exposure and genetic predisposition combine to in-
fluence PTS symptoms, independent of a clinically diagnosed injury.

An obvious limitation of this study is the basic nature of the self-
reported blast exposure constructs in this study. Also, this study as-
sessed PTS symptoms, which should not be construed as an indicator of
PTSD.
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